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(57) ABSTRACT

A scanning exposure apparatus using microlens arrays,
includes a plurality of microlens arrays is arrayed in a direc-
tion perpendicular to a scanning direction above a substrate to
be exposed, and the microlens arrays are supported on a
support substrate. The microlens arrays can be supported on a
support substrate so as to be capable of being inclined from a
direction parallel to the exposure substrate, relative to the
direction in which the microlens arrays are arranged. The
inclination angles of these microlens arrays are configured so
as to gradually increase or decrease along the arrangement
direction.

7 Claims, 5 Drawing Sheets
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1
SCANNING EXPOSURE APPARATUS USING
A PLURALITY OF MICROLENS ARRAYS
WITH ADJUSTABLE INCLINATION

TECHNICAL FIELD

The present invention relates to a scanning exposure appa-
ratus using microlens arrays, wherein mask patterns are
exposed on a substrate by microlens arrays in which micro-
lenses are arrayed two-dimensionally.

BACKGROUND ART

With thin-film transistor liquid crystal substrates, color
filter substrates, and other substrates, a resist film or the like
formed on a glass substrate undergoes overlay exposure mul-
tiple times to form predetermined patterns. These exposed
substrates sometimes expand and contract in the film-forming
process, and the lower layer pattern of the overlay exposure
sometimes differs from the designed pitch depending on the
manufacturing conditions (the exposure apparatus character-
istics and temperature conditions). In this type of overlay
exposure, when there is a change in the pitch of the exposed
positions, the magnification in the exposure apparatus must
be corrected to absorb this change in pitch. Specifically, when
there is a fluctuation in the dimensions of the exposed sub-
strate, the image magnification must be adjusted to thereby
arrange the image in the portion of pitch misalignment to be
in the center of a predetermined position of the pitch on the
substrate after the fluctuation.

Recently, there has been proposed a scanning exposure
apparatus using microlens arrays in which microlenses are
arranged two-dimensionally (Patent Document 1). In this
scanning exposure apparatus, a plurality of microlens arrays
is arrayed in one direction, and a substrate and mask are
moved in a direction perpendicular relative to the arraying
direction in relation to the microlens arrays and the exposure
light source, whereby the exposure light scans the mask and
exposure patterns formed in holes in the mask are imaged on
the substrate.

PRIOR ART DOCUMENTS
Patent Documents

Patent Document 1: Japanese Laid-open Patent Applica-
tion No. 2007-3829

DISCLOSURE OF THE INVENTION
Problems the Invention is Intended to Solve

However, this conventional scanning exposure apparatus
has the following problems. In an exposure apparatus using a
projection optical device that uses a combination of normal
lenses, the magnification is easily adjusted by methods such
as adjusting the spaces between lenses. However, in the case
of' microlenses, the magnification cannot be adjusted because
eight lenses are arranged along the optical axis in a plate 4 mm
thick, for example, whereby erected equal-magnification
images are imaged on the substrate. Consequently, a problem
with a scanning exposure apparatus using microlens arrays is
that the apparatus cannot address variations in the pitch of the
exposed substrate.

An object of the present invention is to provide a scanning
exposure apparatus using microlens arrays, wherein images
of'mask patterns can be aligned with predetermined positions
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2

even iflarge fluctuations in the exposed substrate occur due to
fluctuations in the exposure apparatus characteristics, tem-
perature conditions, and other manufacturing conditions.

Means for Solving the Problems

A scanning exposure apparatus using microlens arrays
according to the present invention comprises a plurality of
microlens arrays arranged above a substrate to be exposed
and having microlenses in a two-dimensional arrangement, a
mask arranged above the microlens arrays and having prede-
termined exposure patterns formed therein, an exposure light
source for radiating exposure light onto the mask, and a
movement device for moving the microlens arrays and the
substrate and mask relative to each other in one direction; the
microlens arrays being arranged above a support substrate in
a direction perpendicular to the one direction, and the micro-
lens arrays being supported so as to be capable of being
inclined relative to the support substrate from a direction
parallel to the substrate to be exposed when viewed in the
arrangement direction thereof.

The microlens arrays can be configured so that the incli-
nation angles thereof either increase or decrease gradually
along the arrangement direction.

Furthermore, two rows of the microlens arrays are prefer-
ably arranged in the one direction, and the microlens arrays
are preferably arranged staggered on the support substrate.
However, it is not absolutely necessary that the microlens
arrays be arranged in a staggered manner.

Furthermore, the microlenses project erected equal-mag-
nification images of the exposure patterns of the mask onto
the substrate, for example.

Furthermore, the inclination angles of the microlens arrays
can be adjusted so that the total pitch of a lower layer pattern
already formed on the substrate to be exposed is measured in
advance and the pitch of the exposure patterns is aligned with
the total pitch of the lower layer pattern.

Effects of the Invention

According to the present invention, in an exposure appa-
ratus using microlens arrays, a plurality of microlens arrays is
made to have different inclination angles from each other,
whereby the magnification of erected equal-magnification
images transmitted through the microlenses can easily be
seemingly varied, and the dimensional precision of the expo-
sure positions in overlay exposure can be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a longitudinal cross-sectional view showing part
of'one microlens array of an exposure apparatus according to
an embodiment of the present invention;

FIG. 2 is a perspective view showing an array of a plurality
of these microlens arrays;

FIG. 3 is a drawing showing microlenses;

FIGS. 4(a) and () are drawings showing diaphragm stops
thereof;

FIG. 5 is a drawing showing exposure areas of microlens
arrays; and

FIG. 6 is a drawing showing the relationship between
microlens arrays.

BEST MODE FOR CARRYING OUT THE
INVENTION

Embodiments of the present invention will be described in
detail hereinbelow with reference to the attached drawings.
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FIG. 1 is a longitudinal cross-sectional view showing part of
one microlens array of an exposure apparatus according to an
embodiment of the present invention, FIG. 2 is a perspective
view showing an array of a plurality of these microlens arrays,
FIG. 3 is a drawing showing microlenses, FIGS. 4(a) and (b)
are drawings showing diaphragm stops thereof, FIG. 5 is a
drawing showing exposure areas of microlens arrays, and
FIG. 6 is a drawing showing the relationship between micro-
lens arrays.

Arranged above a glass substrate or another substrate 1 to
be exposed is a microlens array 2 configured from a two-
dimensional arrangement of microlenses 2a, a mask 3 is
arranged above this microlens array 2, and an exposure light
source 4 is arranged above the mask 3. A light-blocking film
composed of a Cr film 35 is formed on the bottom surface of
atransparent substrate 3a of the mask 3, and exposure light is
transmitted through holes formed in the Cr film 35 and made
by the microlens array 2 to converge on the substrate. In the
present embodiment, the microlens array 2 and the exposure
light source 4 are fixed in place, for example, and the substrate
1 and mask 3 move synchronously in the direction of the
arrow 5, whereby exposure light from the exposure light
source 4 is transmitted through the mask 3 and the substrate 1
is scanned in the direction of the arrow 5. The movement of
the substrate 1 and the mask 3 is driven by the drive source of
a suitable movement device. Another option is to fix the
substrate 1 and mask 3 in place and to move the microlens
array 2 and the exposure light source 4.

Microlens arrays 2 are arranged on a support substrate 6 in
a direction perpendicular to the scanning direction 5, in two
rows of four, for example, as shown in FIG. 2. Viewing these
microlens arrays 2 in the scanning direction 5, three of the
four rear microlens arrays 2 are arranged between the four
front microlens arrays 2, and the two rows of microlens arrays
2 are staggered. The exposure areas in a direction perpendicu-
lar to the scanning direction 5 on the substrate 1 are thereby
entirely exposed by the two rows of microlens arrays 2.

Each of the microlens arrays 2 has a configuration of 4x8
microlenses 2a, and the microlenses have a structure in which
four microlens arrays 2-1, 2-2, 2-3, 2-4 are stacked. Each of
the microlens arrays 2-1 is configured from two lenses. Expo-
sure light is thereby briefly made to converge between the
microlens arrays 2-2 and the microlens arrays 2-3, and is then
imaged on the substrate underneath the microlens arrays 2-4.
Hexagonal field stops 12 are arranged between the microlens
arrays 2-2 and the microlens arrays 2-3, and aperture stops 11
are arranged between the microlens arrays 2-3 and the micro-
lens arrays 2-4. The hexagonal field stops 12 and aperture
stops 11 are provided in each of the microlenses 2a, and the
parts of the exposure areas on the substrate underneath the
microlenses 2a are shaped into hexagons. The hexagonal field
stops 12 are formed as hexagonal apertures in the lens field
areas 10 of the microlenses 2a as shown in FIG. 4(a), for
example, and the aperture stops 11 are formed as circular
apertures in the lens field areas 10 of the microlenses 2a as
shown in FIG. 4(b). The hexagonal field stops 12 have the
dimensions (millimeters) shown in FIG. 4(a), for example.

In the microlens arrays 2, the microlenses 2a are arranged
as shown in FIG. 5. Specifically, the microlenses 2a are
arranged sequentially in the scanning direction 5 and are
slightly staggered in the transverse direction. The hexagonal
field stops 12 are divided into rectangular portions 12« in the
centers, and triangular portions 125, 12¢ on the sides as seen
along the scanning direction 5. Viewed along the scanning
direction 5, the microlenses 2a are arranged so that the trian-
gular portions 12¢ on the right sides of the first row of hex-
agonal field stops 12 overlap the triangular portions 126 on
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the left sides of the second row of hexagonal field stops 12,
and the triangular portions 125 on the left sides of the first row
othexagonal field stops 12 overlap the triangular portions 12¢
on the right sides of the third row of hexagonal field stops 12,
as shownin FIG. 5. Thus, viewed along the scanning direction
5, the microlenses 2a are arranged so that three rows consti-
tute one set. In other words, the fourth row of microlenses 2a
is arranged in the same position as the first row of microlenses
2a as viewed along the direction perpendicular to the scan-
ning direction 5. At this time, when the shape of the hexagonal
field stops 12 has the same dimensions as those shown in FIG.
4, the line segments (dashed lines) joining the corners of the
hexagons are equal intervals of 0.03 mm as shown in FIG. 5.
The sum of the surface area of one triangular portion 126 and
the surface area of one triangular portion 12¢ is equal to the
surface area of one center rectangular portion 12a. Therefore,
when the substrate 1 is scanned over three rows of micro-
lenses 2a, the substrate will have received a uniform quantity
of'exposure light in this entire area, as seen along the direction
perpendicular to the scanning direction 5. Therefore, in the
microlens arrays 2, a number of rows of microlenses 2a equal
to an integral multiple of three is arranged in the scanning
direction 5.

The microlens arrays 2 are supported on the support sub-
strate 6, but the microlens arrays 2 are also supported on the
support substrate 6 so as to be capable of being inclined in the
direction perpendicular to the scanning direction 5, as shown
in FIG. 2.

The four microlens arrays 2 in each row, for a total of eight,
can be inclined at any desired inclination angle relative to the
direction perpendicular to the scanning direction, as shown in
FIG. 6. The microlens arrays 2 can thus be driven at an incline
by piezoelectric elements. Specifically, when a voltage is
applied to the piezoelectric elements, the piezoelectric ele-
ments deform according to the applied voltage, and the angles
of'the microlens arrays 2 can be varied using this deformation.
FIG. 6 alternately shows the front microlens arrays 2 and rear
microlens arrays 2 of FIG. 2, and the front and rear microlens
arrays 2 are seen along the scanning direction 5. Therefore,
FIG. 6 shows half of the microlens arrays 2 of FIG. 2.

The following is a description of the action of the exposure
apparatus of the present embodiment described above. When
exposure light from the exposure light source 4 is incident on
the microlens arrays 2 via the mask 3 as shown in FIGS. 1
through 3, inverted equal-magnification images are imaged
on the hexagonal field stops 12. The exposure light transmit-
ted through the microlenses 2a is shaped by the hexagonal
field stops 12 into hexagons as shown in FIG. 4(a), and is
projected as erected equal-magnification images on the sub-
strate 1 as shown in FIG. 5.

The exposure areas on the substrate 1 in the direction
perpendicular to the scanning direction 5 are entirely exposed
with a uniform quantity of light by the eight microlens arrays
2 as shown in FIG. 2. When the substrate 1 and the mask 3 are
scanned in the scanning direction 5 relative to the microlens
arrays 2, the exposure areas on the substrate 1 are entirely
exposed with a uniform quantity of light. The mask patterns
formed in the mask 3 are thereby imaged on the substrate 1.

At this time, when the manufacturing process causes varia-
tion in dimensions among thin-film transistor liquid crystal
substrates and glass substrates such as color filter substrates,
the exposure patterns in overlay exposure deviate from the
lower layer pattern. In view of this, when the substrate 1 to be
exposed is large in size, the microlens arrays 2 are inclined
relative to adjacent microlens arrays 2 as shown in FIG. 6. The
microlens array 2 farthest to the right in FIG. 6 is parallel to
the substrate 1 to be exposed and the exposure light incident
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on this microlens array 2 is perpendicular, but the next micro-
lens array 2 to the left is slightly inclined (about several
thousandths of a degree) relative to the right end microlens
array 2. The exposure light transmitted through this microlens
array 2 is incident on the substrate 1 in a direction slightly
inclined from the perpendicular direction. The next microlens
array 2 to the left is more inclined relative to the right micro-
lens array 2 in the same manner, whereby the farthest micro-
lens array 2 to the left is inclined the most relative to the
perpendicular direction, and exposure light is incident on the
substrate 1 at the greatest incline from the perpendicular
direction.

The mask patterns (shown as squares in the drawings) of
the mask 3 projected on the substrate 1 from the microlens
arrays 2 are thereby projected onto the areas a corresponding
to the microlens arrays 2. In this case, the inclination angle of
exposure light differs with each of the microlens arrays 2, but
the exposure areas a have substantially the same dimensions
as the microlens arrays 2 because the inclination angles them-
selves are extremely small. However, the spaces b1, b2, and
b3 between adjacent microlens arrays 2 are larger than the
spaces would be in a case of the microlens arrays 2 being
parallel to the substrate 1. Therefore, the transmitted areas of
the exposure light when the light is transmitted through the
mask 3 are larger in the substrate 1, and the effect is that the
lens magnification increases substantially. Images of the
mask patterns can thereby be imaged in the centers of prede-
termined exposure areas on an expanded substrate, and these
images can be imaged in the centers of the predetermined
exposure areas in the same manner as in cases of no fluctua-
tion in the dimensions of the substrate.

When the dimension of the glass substrate 1 in the direction
perpendicular to the scanning direction 5 is 1 m and the
dimensions of the microlens arrays 2 are 60 mm, seventeen
microlens arrays 2 are needed in order to expose all the areas
of the substrate 1. A substrate 1 of this size will expand or
contract about 6 um from the design values, depending on
manufacturing conditions (the exposure apparatus character-
istics and temperature conditions). Therefore, by slightly
inclining the microlens arrays 2 one by one and thereby
increasing the spaces between the microlens arrays 2 by 0.375
um (6/16=0.375) in comparison with a case of the microlens
arrays being horizontal, the magnification of the exposure
areas of the projection exposure can be seemingly increased,
and fluctuations in the dimensions of the substrate 1 can be
absorbed. Since the spaces between adjacent microlens
arrays 2 are preferably revised by 0.375 pum in this manner, the
angles by which the microlens arrays 2 are inclined remain
extremely small if this extent of change is made to the spaces.

Thus, in an exposure apparatus that uses microlens arrays,
the magnification of the projected images can be easily
changed, and the dimension precision of overlay exposure
can be improved.

The microlens arrays are supported on the support sub-
strate via piezoelectric elements, for example, so as to be
inclined from being parallel to the substrate to be exposed in
relation to the direction in which they are arranged on the
support substrate, and the inclination angles of the microlens
arrays are set so as to gradually increase in relation to the
arrangement direction in the embodiment above, but the incli-
nation angles of the microlens arrays may also conversely be
set so as to gradually decrease. Inthis case, when the substrate
to be exposed has been reduced in size, the positions of
exposure light leaving the microlens arrays can be aligned
with the substrate after it has fluctuated in size.

As described above, according to the present invention, the
exposure positions can be aligned with high precision with
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the exposure pattern of the lower layer even if there are
fluctuations in the dimensions of the substrate during overlay
exposure. To be specific, however, one possible option is to
measure the total pitch of the lower layer pattern in advance,
and to adjust the inclination angles of the microlenses and
finely adjust the pattern projected positions so as to align the
pitches of the exposure patterns with the total pitch. Another
possible option is to not measure the pitch of the lower layer
pattern in advance, to use a camera to confirm positional
misalignment between the lower layer pattern and the expo-
sure patterns during exposure in the exposure apparatus, and
to adjust the inclination angles of the microlenses in real time
on the basis of the result. The term “total pitch” refers to the
distance between the patterns at the ends in the direction
perpendicular to the scanning direction 5.

Examples that can be used as the exposure light include
pulse laser light, the continuous light of a mercury lamp or the
like, and various others.

INDUSTRIAL APPLICABILITY

The present invention makes it possible to easily absorb
pitch fluctuation in the lower layer pattern in a scanning
exposure apparatus when overlay exposure is performed,
because the exposure magnification of the microlens arrays
can be adjusted.

[Key]

1: substrate

2: microlens arrays

24: microlenses

2-1 to 2-4: (configured) microlens arrays

3: mask

3a: transparent substrate

3b: Cr film

4: exposure light source

5: scanning direction

6: support substrate

11: aperture stops

12: hexagonal field stops

12a: rectangular portions

124, 12¢: triangular portions

The invention claimed is:

1. A scanning exposure apparatus using microlens arrays,
the scanning exposure apparatus comprising:

a plurality of microlens arrays arranged above a substrate
to be exposed and comprising microlenses in a two-
dimensional arrangement;

a mask arranged above the microlens arrays and compris-
ing predetermined exposure patterns formed therein;

an exposure light source for radiating exposure light onto
the mask; and

a movement device for moving said microlens arrays and
said substrate and mask relative to each other in one
direction,

said plurality of microlens arrays being arranged on a sup-
port substrate in a direction perpendicular to said one
direction, and each of the microlens arrays being sup-
ported so as to be capable of, in use, being inclined
relative to said support substrate via an inclination on a
plane perpendicular to said one direction.

2. The scanning exposure apparatus using microlens arrays
according to claim 1, wherein inclination angles of said
microlens arrays either increase or decrease gradually along
said arrangement direction.

3. The scanning exposure apparatus using microlens arrays
according to claim 2, wherein two rows of said microlens



US 9,069,251 B2
7

arrays are arranged in said one direction, and said each of the
microlens arrays is arranged staggered on said support sub-
strate.

4. The scanning exposure apparatus using microlens arrays
according to claim 2, wherein said microlenses project erect 5
equal-magnification images of the exposure patterns of said
mask onto said substrate.

5. The scanning exposure apparatus using microlens arrays
according to claim 1, wherein two rows of said microlens
arrays are arranged in said one direction, and said each of the 10
microlens arrays is arranged staggered on said support sub-
strate.

6. The scanning exposure apparatus using microlens arrays
according to claim 5, wherein said microlenses project erect
equal-magnification images of the exposure patterns of said 15
mask onto said substrate.

7. The scanning exposure apparatus using microlens arrays
according to claim 1, wherein said microlenses project erect
equal-magnification images of the exposure patterns of said
mask onto said substrate. 20
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